Insulin has previously been shown to inhibit basal and stimulated rat GH (rGH) 
INTRODUCTION
In addition to the hypothalamic hormones soma¬ tostatin and growth hormone-releasing hormone, a variety of endocrine factors play an important role in the modulation of growth hormone (GH) secretion at the pituitary level. In rat pituitary cells both tri¬ iodothyronine (T3) and cortisol exert a direct stimula¬ tory effect on GH secretion and GH gene expression (Martial et al. 1977) , while insulin and the insulin-like growth factors (IGFs) have been shown to suppress pituitary GH synthesis and secretion (Melmed, 1984; Yamashita & Melmed, 1986 a,b; Weber et al. 1992) .
At the cellular level, insulin induces rapid metabolic effects and relatively slower long-term effects on pro¬ tein biosynthesis and gene expression. Insulin regul¬ ates the amount of mRNA of a variety of proteins (Meisler & Howard, 1989) and has been shown to exert a direct inhibitory effect on transcription of the phosphoenolpyruvate carboxykinase (PEPCK), glucagon, albumin and GH genes (Yamashita & Melmed, 19866; Strauss & Takemoto, 1987; O'Brien et al. 1991; Philippe, 1991) . Although the transcriptional mechanism of T3-induced GH gene expression is well documented (Evans et al. 1982; Spindler et al. 1982; Yaffe & Samuels, 1984) , and insulin was found to suppress T3-induced GH secretion , the effect of insulin in abrogating T3-stimulated GH mRNA levels has not been investiga¬ ted. We therefore examined the interaction between these two important hormones and GH mRNA levels in rat pituitary tumour cells. The effects of insulin and T3 on GH and prolactin (PRL) mRNA levels and GH mRNA stability were investigated in rat pituitary tumour cells cultured in highly defined hypothyroid serum-free conditions. The PRL-and/or GH-secret¬ ing rat pituitary tumour cell lines GH3 and GC were chosen as they are well-characterized models of GH regulation and respond to physiological concentra¬ tions of these hormones. Furthermore, they express abundant insulin and T3 receptors (Bancroft, 1981; Rosenfeld et al. 1985 Cytoplasmic RNA was extracted from the cells as described by White & Bancroft (1982 (Yamashita & Melmed, 1986a Addition of insulin (7 nmol/l) to T3-stimulated cells produced a significant suppression of GH mRNA levels (42% of T3-stimulated controls (P<005, d.f. = 6), Fig. 1 ). In addition, the already low basal hypo¬ thyroid GH mRNA levels were further suppressed by 50% when insulin (7 nmol/l) was added to the culture medium (data not shown). In time-course experi¬ ments, the suppressive effect of insulin on T3-induced GH mRNA levels was present after 24 h of treatment, with an insulin-mediated suppression to 48% and 56% of the T3-induced controls at 24 h and 48 h respectively (Fig. 2) . The marked inhibitory effect of insulin on GH mRNA levels was still present at 48 h following insulin treatment. Only at 96 h after insulin removal from the culture medium did the GH mRNA levels in the former insulin-treated group recover to control levels of cells not previously treated with insu¬ lin (Fig. 3) . In dose-response experiments, 3-5 nmol insulin/1 was as effective as 7 nmol/l in suppressing the T3-induced GH mRNA transcript.
Effect of T3 and insulin on PRL mRNA levels To confirm the selectivity of the effect of insulin on GH mRNA levels, blots containing cytoplasmic GH3 figure 1. Effect of tri-iodothyronine (T3) and insulin on GH mRNA levels in GC rat pituitary tumour cells. All cells were deinduced in hypothyroid medium for 72 h prior to the treatment. Cells were then incubated for a further 72 h in serum-free defined medium with or without insulin (7 nmol/l) and/or T3 (5 nmol/l). Cytoplasmic RNA was then extracted and 10 µg subjected to Northern analysis.
The upper panel shows the autoradiography of a repre¬ sentative experiment hybridized with a 32P-labelled rat GH cDNA probe. The mature GH mRNA migrated as a single species at about 1 kb (arrow). The graph represents the mean ± s.e.m. of seven independent experiments. mRNA were rehybridized with the 32P-labelled rPRL probe. In contrast to the insulin-induced suppression of the mature GH mRNA transcript in these cells, the 0-9 kb rPRL mRNA band was stimulated 3-5-fold by insulin (7 nmol/l) alone, 4-4-fold by T3 (5 nmol/l) alone and 8-8-fold by the combination of both hormones (Fig. 4) . figure 2. Time-course of the insulin effect on tri-iodothyronine (T3)-stimulated GH mRNA levels (arrow) in GC rat pituitary cells. Cells were cultured, deinduced and treated with insulin (7 nmol/l) and/or T3 (5 nmol/l) as described in Fig. 1 (Sobell, 1974) . When de-novo mRNA synthesis was blocked with actinomycin D (4 pg/ml) for up to 7 h, a con¬ tinuous decrease in the relative amount of GH mRNA levels was observed after 24, 48 and 72 h of insulin treatment, thus suggesting both a transcriptional and post-transcriptional effect of insulin on GH mRNA levels (Fig. 6) .
DISCUSSION
These results demonstrate that insulin in physio¬ logical concentrations has a suppressive effect on T3-stimulated GH mRNA levels in rat pituitary tumour cells. This effect of insulin is selective, as rPRL mRNA levels were increased by insulin treatment in the same cells. The observed effects of insulin on GH and PRL mRNA levels were consistent with the effects of insu¬ lin on basal pituitary GH and PRL secretion. Insulin has been shown to suppress basal and cortisolstimulated GH secretion and to stimulate PRL secretion in GH3 pituitary tumour cells (Melmed, 1984) and in euthyroid primary rat pituitary cells (Yamashita & Melmed, 1986a,è) . Our findings of a suppressive effect of insulin on T3-stimulated GH mRNA levels are consistent with earlier studies demonstrating a suppressive effect of insulin on basal and cortisol-induced rGH mRNA levels . Furthermore, the observed attenuation of T3-induced GH mRNA levels by insulin is consistent with the reported 60% suppression of T3-stimulated GH secretion in GH3 cells (Yamashita & Melmed, 1986ft (Prager & Melmed, 1988) .
When reversibility of the insulin effect was tested, GH mRNA levels were still suppressed 48 h after recovery in insulin-free medium, reflecting the rela¬ tively long 20-56 h half-life of GH mRNA in these cells (Yaffe & Samuels, 1984) . Ninety-six hours after withdrawal of insulin, GH mRNA levels in cells previ¬ ously exposed to insulin recovered to those of control levels. This is consistent with our previous finding that insulin inhibition of T3-stimulated GH secretion required 4 days to recover to 88% of control levels (Melmed, 1984) . The doses of insulin employed in this study were within the Kd for insulin binding to its receptor in these cells (Rosenfeld et al. 1985) ; how¬ ever, an IGF-I receptor-mediated effect by insulin cannot be completely excluded.
The molecular mechanism by which insulin medi¬ ates its nuclear effects on protein expression are poorly understood. Although various insulin respon¬ sive elements have been identified in a variety of genes (Osborn et (Meisler & Howard, 1989) . Thus, dissecting the regu¬ latory elements for the action of T3 and insulin on the GH gene promoter in this cell system could provide important information for understanding how insulin regulates gene expression.
